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INTRODUCTION 

Much  experimental  work  has  been  done  on  the  effects  of  cross- 
breeding in  swine.  Most  of  this  work  has  been  reviewed  by  Kobison 
(8)  2  and  Lush  and  coworkers  (6,  7).  The  results  of  these  and  other 
workers  have  shown  that  crossbreds  generally  excel  purebreds  as 
producers  of  market  hogs.  Only  in  recent  years  have  inbred  lines 
become  available  for  crossbreeding  studies.  Thus  there  is  relatively 
little  information  concerning  the  performance  of  inbred  line  crosses 
as  compared  with  that  of  breed  crosses. 

As  the  first  step  in  determining  the  usefulness  of  inbred  lines  of 
swine  for  crossbreeding,  the  United  States  Department  of  Agriculture 
made  the  following  swine  importations:  In  1934  from  Denmark,  7 
boars  and  16  sows  of  the  Danish  Landrace  breed  and  2  boars  and 
4  sows  of  the  Yorkshire  breed;  and  in  1936  from  England,  2  boars 
and  2  sows  of  the  Large  Black  breed.  Two  inbred  lines  were  formed 
from  crosses  made  in  1934  between  the  Landrace  and  Duroc  and 
between  the  Landrace  and  Poland  China,  two  from  crosses  made  in 
1935  between  the  Landrace  and  Chester  White  and  between  the 
Yorkshire  and  Duroc,  and  one  from  a  cross  made  in  1936  between 
the  Landrace  and  a  Large  Black.  In  1939,  two  new  lines,  one  of 
which  subsequently  replaced  the  Yorkshire-Duroc  line,  were  begun 

1  The  authors  express  their  appreciation  to  G.  E.  Dickerson  and  F.  M.  Wadley 
for  advice  on  the  statistical  analysis  of  the  experimental  results.  Acknowledg- 
ment is  made  to  J.  X.  King,  Ada  P.  Jackson,  and  H.  Slofsky  for  assistance  in 
collecting  and  analyzing  the  data. 

2  Numbers  in  parentheses  refer  to  Literature  Cited,  p.  13. 
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bv  mating  representatives  of  a  Landrace  X  Hampshire  cross  made  at 
Miles  City,  Mont.,  with  stock  from  the  Yorkshire-Duroc  and  Land- 
race-Duroc  lines.  All  six  inbred  lines  are  at  the  Department's  Agri- 
cultural Research  Center.  Beltsville.  Md. 

Although  all  the  lines  trace  to  crosses  with  the  Landrace.  the  pro- 
portion of  Landrace  blood  varies  considerably  between  lines.  The 
Yorkskire-Duroc-Landrace-Hampshire  possesses  about  5  percent:  tke 
Ckester  YVnite-Landrace,  about  14  percent;  and  the  Landrace-Duroc. 
Lanok*ace-Duroc-Hanipskire,  Landrace-Large  Black,  and  Landrace- 
Poland  China,  about  75  percent  each.  By  1947,  tke  average  relation- 
skip  among  tke  6  lines  ranged  from  0  to  25  percent  and  tke  average 
inbreeding  of  tke  lines  from  23  to  42  percent,  according  to  W right's 
coefficients  (11). 

In  1947  and  1948.  matings  representing  all  the  30  possible  reciprocal 
crosses  between  the  6  lines,  as  well  as  matings  within  each  line,  were 
made  for  fall  litters.  The  primary  purpose  was  to  estimate  the  amount 
of  heterosis  in  the  inbred  line  crosses  and  to  determine  the  effect  of 
inbreeding  on  performance. 

EXPERIMENTAL  PROCEDURE 

Each  boar  was  mated  to  several  females  from  each  of  the  6  lines. 
In  1947.  1  boar  from  a  line  was  used:  and  in  1948.  2  boars.  Only  1 
boar  sired  litters  in  tke  2  years.  Most  of  tke  sows  tkat  farrowed  in 
1947  were  retained  for  1948  litters,  but  no  sow  was  bred  to  kave  more 
tkan  1  litter  in  any  one  combination.  In  1947.  the  6  lines  were  repre- 
sented by  16  litters  and  tke  30  possible  crosses  by  82  litters.  In  1948. 
tke  numbers  were  19  and  102.  respectively.  Tke  totals,  therefore, 
were  35  inbred  fitters  and  184  single-cross  litters  that  could  be  used 
for  this  study. 

The  performance  factors  studied  were  fitter  size,  fitter  weight,  and 
individual  pig  weight  at  birth  and  at  21  and  56  days  of  age.  In 
addition,  for  some  of  the  pigs,  weights  at  98  and  140  days  and  average 
daily  gain  from  56  days  to  a  final  weight  of  about  225  pounds,  as  well 
as  certain  carcass  measurements,  were  obtained .  These  pigs,  in  groups 
of  four  each,  were  self-fed  under  record-of-performance  conditions  in 
dry  lots  with  concrete  floors.  To  minimize  the  effect  from  differences 
between  sows  and  boars,  whenever  possible  two  pairs  of  fitter  mates 
by  different  sues  and  distributed  equally  as  to  sex  were  fed  out  from 
each  line  and  cross  in  each  of  the  2  years.  Because  most  fitters  from 
a  given  type  of  mating  differed  rather  widely  in  age.  the  pigs  were 
grouped  primarily  according  to  age  and  only  secondarily  by  type  of 
breeding.  Hence  it  was  not  possible  to  compare  inbreds  and  crosses 
for  feed  requirements. 

The  method  of  analysis  used  in  this  study  was  to  compare  the  mean 
performance  of  each  pair  of  reciprocal  crosses  with  the  mean  of  its 
corresponding  parent  lines,  treating  the  15  mean  differences  for  each 
year  as  the  primary  observations.  Thus  estimates  of  heterosis  ob- 
tained should  not  be  affected  by  differences  in  maternal  influence  and 
line  differences  which  affect  both  inbreds  and  crosses.  In  order  to 
obtain  variance  estimates  equivalent  to  those  based  on  individual 
observations,  each  difference  was  weighted  by  the  reciprocal  of  its 
variance,  as  outlined  by  Yates  (12),  and  shown  in  table  1. 
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Analysis-of-Tariance  metho  is      -  shown  in  table  2  for  litter  size. 

-       -      test  th     signifi   an       ::"  the  average  difference  between 

ss  -  and  inbreds.  the  variation  in  the  infra-year  differences  among 

the  various  pans  of  crosses  and  inbreds.   and  the  variation  in  the 

differences  between  the  2  years.     To  remove  the  effect  front  intra  - 

differences  in  age  of  dam.  mbreeding  of  dam.  and  inbreeding  of 

litter,  the  intera  tions     :  heterosis         crosses,  of  heterosis   X  years. 

and  of  heterosis         crosses        ;      rs  were  adjnsted  by  multiple  cova- 

riance  analy-  s     y  using  the  partial  regressions  within  types  of  niat- 

The  mean  squares  for  heterosis  were  adjusted  for  differences 

and  mbreedmg  of  dam.  but  not  for  differences  in  inbreeding 

of  litter.     The  formula  for  this  was  previously  given  by  Dickerson 

and   coworkers     -  .     The   mean   squares   for   heterosis   were   tested 

si    :he    variance   obtained   by   pooling   the   three   interactions. 

.::  thej     was  evidence  of  significant  interaction  of  heterosis 

rosses       of  heterosis  X  years.     In  such  cases  a  composite  test 

was     -    1  by  following  an  approximation  suggested  by  Satterthwaite 

as     atfin    I  by  Cochran  and  Cox    %  . 

Table   2. — Vi  :-:  of  \ntrr  liffi  betweert     neans  of  pairs 

-  f  pairs  of  corresponding    mbred  line*  ':-: 

litte    at  birth 
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Xt  multiple  regression  on  age  and  inbr- eding    :"  dam  and  on  inbreeding  of 
litte'-  sis  r  mean  inferen  se  in  inbreeding  of  litters. 

The  mean  difference  between        —  -   and  inbreds  in  litter  size  at 

birth  is  highly  significant  both  before  and  after  adjustment  for  intra- 

differences  in  age  and  inbreeding  of  dam.     The  interactions  of 

heterosis  X  •;    ss  s  and  of  heterosis       y  ea rs  are  both  insignificant  when 

:»ared  with  the  triple  interaction.     Therefore,  most  if  not  all  of 

ss   s  were  superior  to  then  corresponding  inbred  parents,  and 

this  superiority  did  not  vary  appreciably  between  years  or  between 

SS    5. 

VIABILITY  AXD  RATE  OF  GROWTH 
Differences  Between  Crosses  antj  Inbreds 

A  summary  of  the  results  on  viability  and  rate  of  growth  of  cross  - 

and  inb:      s    3  given  in  table  3.     Representative  animals  of  the  inbred 

shown  in  figure  1:  of  the         —  s,   in  figur-    2.      Although 

ss   -     :id  inbre    -  _  >ut  the  same  in  age  and 
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inbreeding  of  dams,  there  were  a  few  pairs  whose  dams  differed  by 
larger  amounts  than  are  indicated  by  the  average  differences.  To 
minimize  any  bias  due  to  these  differences,  the  differences  for  litter 
size  and  litter  weight,  as  well  as  those  for  pig  weight,  were  adjuster! 
to  a  mean  difference  of  zero  in  age  and  inbreeding  of  dams. 

Crosses  exceeded  inbreds  in  number  of  pigs  per  litter  at  birth  and 
at  21  and  56  days  of  age.  These  differences  were  highly  significant. 
They  became  slightly  smaller  after  adjustment,  but  they  remained 
highly  significant  at  all  three  ages.  Thus  both  prenatal  and  post- 
natal viability  in  crosses  were  higher  than  in  inbreds,  since  there  is  no 
reason  to  think  that  the  two  groups  of  dams  differed  in  reproductive 
efficiency.  Crosses  differed  little  from  inbreds  in  pig  weight  at  birth 
and  at  21  days  of  age.  but  crosses  were  significantly  heavier  at  56  days 
of  age.  In  litter  weight,  crosses  were  also  superior  to  inbreds.  partly 
because  of  the  larger  number  of  pigs  in  the  line-cross  litters  and  partly 
because  crosses  tended  to  have  heavier  individual  pig  weights. 
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Figuee  1. — Representative  animals  of  the  6  inbred  lines  at   6  months  of  age 
weighing  approximately  225  pounds  each. 
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WHITE  -  LANDRACE 


Figure  2. — A  sample  of  crossbred  animals  at  6  months  of  age  weighing  approx- 
imately 225  pounds  each. 

The  results  of  the  feeding  trials  are  also  summarized  in  table  3. 
Although  8  pigs  were  to  be  fed  out  from  each  line  and  cross,  3  of  the 
crosses  were  represented  by  only  7  pigs  each,  resulting  in  a  total  of 
48  inbred  and  237  line-cross  pigs  for  which  weights  were  obtained 
after  weaning.  The  inbreds  were  selected  from  22  litters  and  the 
crosses  from  118  litters;  about  two-thirds  of  the  litters  farrowed  in 
each  group,  therefore,  were  represented  in  the  feeding  trials. 

The  inbreds  included  a  larger  proportion  of  the  heavier  pigs  than 
did  the  crosses  but,  even  so,  crosses  averaged  heavier  in  initial  weight 
than  did  the  inbreds.  At  98  days  and  140  days  crosses  were  signifi- 
cantly heavier  than  inbreds.  After  adjusting  to  a  mean  difference  of 
zero  in  age  and  inbreeding  of  dams,  the  crosses  were  still  significantly 
heavier.  However,  the  fact  that  the  differences  decreased  somewhat 
indicates  that  a  part  of  the  advantage  in  rate  of  gain  exhibited  by  the 
(losses  was  due  to  variation  in  age  and  inbreeding  of  dams.  In  daily 
gain  from  56  days  to  a  final  weight  of  about  225  pounds,  crosses  were 
significantly  superior  to  inbreds.  The  difference  became  slightly 
smaller  alter  adjustment  to  a  difference  of  zero  in  initial  weight  and 
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total  gain  but  remained  statistically  significant.  If  the  crosses  had 
included  as  selected  a  sample  of  pigs  as  did  the  inbreds,  their  advantage 
in  rate  of  growth  would  probably  have  been  even  more  pronounced. 

Genetic  Relationship  Between  Lines  and  Heterosis  Effect 

The  average  genetic  relationship  among  the  6  lines  was  calculated 
to  be  7  percent.  In  order  to  measure  its  influence  on  heterosis,  the 
performance  of  each  pair  of  reciprocal  crosses  was  computed  as  a 
percentage  of  the  mean  performance  of  its  corresponding  parent  lines. 
The  results  are  summarized  in  table  4.  The  correlations  and  regres- 
sions of  the  heterosis  effect  on  the  relationship  between  lines  are  also 
shown  in  the  table.  All  the  correlations  were  negative  except  the  one 
for  litter  size  at  birth,  which  was  positive  but  small  and  not  statisti- 
cally significant.  The  correlations  for  litter  weight  at  21  and  56  days, 
for  pig  weight  at  21,  98,  and  140  days,  and  for  daily  gain  were  signifi- 
cant, indicating  that  differences  in  degree  of  relationship  among  the 
6  lines  had  a  real  influence  on  the  amount  of  heterosis  exhibited  by 
these  characters. 

The  fact  that  the  correlation  for  weight  at  140  days  was  higher  than 
those  at  earlier  ages  agrees  with  results  obtained  by  Baker  and  co- 
workers (1)  and  Krider  and  coworkers  (5),  who  showed  that  the 
heritability  of  weight  increases  with  increasing  age.  In  fact,  the  size 
of  the  correlation  for  the  140-day  weight  indicates  that  the  amount 
of  heterosis  in  weight  at  this  age  could  have  been  predicted  fairly 
accurately  from  the  degree  of  relationship  among  the  lines  crossed. 
As  shown  by  the  regression  coefficients  in  table  4,  the  reduction  in 
heterosis  for  weight  at  140  days  amounts  to  about  4  percent  for  an 
increase  of  10  percent  in  relationship  between  lines. 

Estimates  of  the  average  advantage  that  crosses  would  have  ex- 
hibited over  inbreds  if  none  of  the  parent  lines  had  been  interrelated 
are  given  in  the  lower  part  of  table  4.  The  differences  between  these 
estimates  and  those  unadjusted  for  the  average  relationship  between 
lines  clearly  point  to  the  conclusion  that  the  lower  the  relationship 
between  inbred  lines,  the  higher,  in  general,  is  the  heterosis  effect. 

Since  different  breeds  probably  are  no  more  closely  related  than 
the  inbred  lines  used  in  this  study,  these  estimates  may  be  compared 
with  those  based  on  crosses  between  breeds.  The  advantage  found 
in  this  study  for  crosses  in  litter  size  at  weaning — 35  percent — is  some- 
what higher  than  that  for  Landrace  X  Poland  China  crossbreds  over 
purebred  Poland  Chinas  reported  by  Lush  and  coworkers  (7) — ap- 
proximately 0.7  pig,  the  equivalent  of  about  15  percent.  It  is  also 
higher  than  that  for  Poland  China  X  Duroc  and  Duroc  X  Chester 
White  crossbreds  over  the  average  of  these  breeds  reported  by  Winters 
and  coworkers  (10) — 0.3  pig,  the  equivalent  of  about  5^  percent. 
Lush  and  coworkers,  on  the  other  hand,  reported  a  greater  advantage 
for  their  crosses  in  rate  of  growth — 0.21  pound  average  daily  gain 
from  weaning  to  market  weight,  the  equivalent  of  about  16  percent 
oyer  that  of  the  5  percent  estimated  for  the  present  crosses.  These 
differences  in  results  may  be  due  largely  to  variation  in  genetic  diver- 
sity between  the  particular  lines  and  breeds  crossed,  rather  than  to  a 
general  difference  in  heterosis  obtained  from  breed  crosses  as  com- 
pared with  inbred  line  crosses.  In  this  connection,  a  part  of  the 
greater  advantage  in  growth  rate  obtained  for  breed  crosses,  as  re- 
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ported  by  Lush  and  coworkers,  may  have  been  due  to  the  fact  that 
then  estimate  presumably  included  the  effect  of  differences  that  were 
evident  at  weaning  time,  whereas  the  estimate  of  5  percent  obtained 
in  the  present  study  reflects  only  the  heterosis  effect  that  became 
evident  after  weaning. 

The  extent  to  which  the  various  pairs  of  lines  varied  in  their  response 
to  crossing  is  shown  in  figure  3.  On  the  whole,  the  crosses  exhibited 
a  proportionately  greater  advantage  in  litter  size  or  viability  than  in 
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Figure  3. — Performance  of  15  pairs  of  reciprocal  crosses  calculated  as  percentage 
of  means  of  corresponding  inbreds.      (Arrows  indicate  average  for  all  crosses.) 

rate  of  growth.     These  results  agree  with  those  of  Lush  and  coworkers 
(7)  and  Dickerson  and  coworkers  (4). 


Effect  of  Inbreeding 

Estimates  of  the  average  decline  in  performance  for  each  10  percent 
increase  in  inbreeding  of  litters  are  given  in  table  3.  These  estimates 
were  obtained  by  the  same  method  as  that  used  by  Dickerson  and 
coworkers  (4)  in  their  study  of  hybrid  vigor  in  crosses  among  inbred 
lines  of  Poland  Chinas.  Since  the  degree  of  heterozygosity  in  outbred 
Poland  Chinas  would  not  be  so  high  as  that  in  the  crossbred  foundation 
stock  of  the  present  lines  and  their  crosses,  one  might  expect  estimates 
of  the  effect  of  inbreeding  reported  by  these  workers  to  be  somewhat 
smaller  than  those  found  in  the  present  study,  except  where  the 
average  level  of  heterozygosity  did  not  differ  appreciably  between 
the  two  sets  of  foundation  stock.     Actually,  the  declines  of  0.26, 
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0.35,  and  0.37  pig,  which  Dickerson  and  coworkers  found  for  litter 
size  at  birth  and  at  21  and  56  days  of  age,  respectively,  were  about 
half  those  found  in  this  study.  Their  estimate  of  6.8  pounds  for 
decline  in  weight  at  154  days,  on  the  other  hand,  agrees  fairly  well 
with  the  decline  of  3.5  pounds  for  weight  at  140  days,  since  this 
corresponds  to  a  decline  of  about  5.7  pounds  in  terms  of  weight  at 
154  days.  The  present  findings  are  also  comparable  with  estimates 
of  intrayear  regressions  on  inbreeding  reported  by  other  workers. 
For  example,  Comstock  and  Winters  (3)  estimated  the  decline  in 
daily  gain  from  weaning  to  200  pounds  per  10  percent  increase  in 
inbreeding  as  0.027  pound.  This  agrees  rather  closely  with  the  0.024- 
pound  decline  found  in  the  present  study. 

CARCASS  YIELDS  AND  DIMENSIONS 
Carcass  data  were  obtained  on  all  the  inbred  pigs  and  on  all  but 
three  of  the  line-cross  pigs  that  were  fed  to  market  weight.  The 
results  for  the  two  groups  are  summarized  in  table  5.  They  averaged 
about  the  same  in  live  weight  at  slaughter.  Crosses  exceeded  inbreds 
in  dressing  percentage  and  in  length  of  carcass,  but  the  differences 
were  not  significant.  The  inbreds  had  a  slightly  higher  yield  of  the 
five  primal  cuts  and  also  of  lean  meat  in  hams,  but  these  differences 
also  were  too  small  to  be  significant.  On  the  other  hand,  crosses 
exceeded  inbreds  significantly  in  both  thickness  of  back  fat  and  in 
yield  of  fat  cuts.  Although  the  crosses  were  fatter  than  the  inbreds, 
the  fact  that  they  differed  little  from  the  inbreds  in  yield  of  the  leaner 
cuts  suggests  that  then  additional  fat  was  largely  responsible  for  then 
higher  dressing  percentage. 

Table  5.- — Intrayear  comparisons   oj  crosses  and  inbreds    in   various 

carcass  characteristics 


Observation 


Inbreds 


Crosses 


Difference  * 

between  crosses 

and  inbreds 


Pigs number. 

Inbreeding  of  pigs percent. 

Live  weight  at  slaughter pounds _ 

Yield  as  percentage  of  weight  at  time 
of  slaughter: 

Chilled  carcass percent  _ 

Preferred  cuts: 

Trimmed  ham do  — 

Trimmed  loin do  — 

Trimmed  belly do  — 

Picnic  shoulder do  — 

Shoulder  butt do  _  _  _ 

Total do__. 

Fat  cuts  (back  fat,  leaf  fat,  cutting 

fat,  plate) percent  _ 

Lean  meat  in  ham do  — 

Length  (aitchbone  to  first  rib) 

centimeters  _ 
Back  fat  thickness   (average  of  five  lo- 
cations)   centimeters  _ 


48 

234 

4.  3 
211.  0 

30.  2 
211.  1 

-25.9 
-.  1 

79.  7 

80.  1 

•4 

15.  0 

12.0 

10.  5 

7.3 

4.9 

15.  1 
11.9 

10.  6 

7.  2 
4.7 

.  1 
-.  1 

.  1 
-.  1 
-.2 

49.  7 

49.  5 

.2 

14.  6 
8.  5 

15.  3 
8.4 

7** 

— '.  1 

78.  6 

78.  8 

.  2 

4.  24 

i 

4.  39 

.  15** 

i  **p<0.01,  highly  significant. 


12  CIRCULAR    8  9  3,    I".    S.    DEPARTMENT    OF    AGRICULTURE 

SUMMARY 

To  determine  the  effect  of  crossing  inbred  lines  of  swine  for  the 
production  of  market  hogs,  single  crosses  between  6  inbred  lines  of 
swine  were  compared  with  their  parental  lines.  The  inbred  lines  were 
developed  at  the  United  States  Agricultural  Research  Center  at 
Beltsville,  Md.,  from  crosses  involving  7  breeds,  namely,  Danish 
Landrace,  Danish  Yorkshire,  English  Large  Black,  Chester  White, 
Duroc,  Hampshire,  and  Poland  China. 

The  data  came  from  litters  farrowed  in  1947  and  1948  and  included' 
35  inbred  litters  and  184  single-cross  litters,  representing  all  30  possible 
reciprocal  crosses.  The  average  genetic  relationship  among  the  6  lines 
was  7  percent.  Inbreeding  of  litters  averaged  28  percent  for  inbreds 
and  4  percent  for  crosses.  For  inbreeding  of  dam,  the  averages  were 
26  and  25  percent,  respectively;  for  age  of  dam,  20  and  21  months. 
In  analyzing  the  data,  mean  mtrayear  differences  between  pans  of 
reciprocal  crosses  and  corresponding  lines  were  used  as  the  primary 
observations.  Performance  of  inbreds  and  crosses  was  adjusted  to  the 
same  age  and  inbreeding  of  dams. 

Crosses  exceeded  inbreds  by  1.2  pigs  per  litter,  or  14  percent,  at 
birth;  by  1.7  pigs,  or  27  percent,  at  21  days;  and  by  1.7  pigs,  or  29  per- 
cent, at  56  days.  Therefore,  both  prenatal  and  postnatal  viability 
were  higher  among  crosses  than  among  inbreds.  In  litter  weight, 
crosses  exceeded  inbreds  by  2.4  pounds,  or  10  percent,  at  birth;  by 
17.9  pounds,  or  28  percent,  at  21  days ;  and  by  64  pounds,  or  40  percent, 
at  weaning.  In  individual  pig  weight,  differences  in  favor  of  crosses 
were  0.3  pound,  or  3  percent,  at  21  days;  2.7  pounds,  or  10  percent,  at 
56  days;  6.6  pounds,  or  8  percent,  at  98  days;  and  9.3  pounds,  or  6  per- 
cent, at  140  days.  Carcass  data  showed  that  crosses  had  a  slightly 
higher  dressing  percentage,  a  slightly  lower  yield  of  lean  cuts,  and 
more  fat  than  did  inbreds. 

When  the  performance  of  the  crosses  was  adjusted  to  correspond  to 
that  of  crosses  between  nonrelated  inbred  lines,  the  advantages  in  their 
favor  were  generally  higher  than  were  indicated  by  the  actual  results. 
These  results  agree  with  the  view  held  by  most  workers  that  the  lower 
the  relationship  between  inbred  lines,  the  higher,  in  general,  is  the 
performance  of  crosses  between  them.  The  results  also  agree  with 
published  data  in  that  the  crosses  exhibited  a  proportionately  greater 
advantage  in  litter  size  or  viability  than  in  rate  of  growth. 
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